Two models are used to determine the arthritogenicity of bacterial cell wall fragments or purified peptidoglycan polysaccharide complexes. The intraperitoneal route of injection (intraperitoneal model, first described for Streptococcus pyogenes by Cromartie et al') is used for large bacterial fragments (i.e. >106 daltons). Subcutaneous injection (adjuvant arthritis model, first described for Mycobacterium tuberculosis by Pearson2) is useful for isolated peptidoglycan or peptidoglycan subunits and larger bacterial fragments. Using the intraperitoneal model we found that cell wall fragments from eubacterium and bifidobacterium species induced a severe and chronic arthritis in Lewis rats. Eubacterium cell wall fragments were also arthritogenic in the adjuvant model. Eubacterium and bifidobacterium species are Gram positive major residents of the human intestinal anaerobic flora occurring in numbers exceeding 109 per gram of faeces.3 These findings add experimental evidence to the hypothesis that the bacterial load in the intestine plays a part in the aetiology of rheumatoid arthritis.
Spontaneous arthritis occurred in 0-5% of Sprague Dawley rats in an observation period of six months. 7 The incidence increased to 6% after repeated total body irradiation. It is possible that the arthritis was triggered by bacterial products derived from intestinal flora. Irradiation enhances the uptake of whole bacteria,8 but probably also of bacterial products.
Information on the influence of the presence or absence of bacterial flora in arthritis models is limited. Pearson et al. 9 showed that adjuvant arthritis could be induced in conventional and in germ-free Lobund rats. Others found that germ free Fisher rats were susceptible to the induction of arthritis in the adjuvant model using M tuberculosis""'2 or the intraperitoneal model using streptococcal cell wall fragments, '3 in contrast to their conventional littermates. Even less is known about the occurrence of arthopathic species among the indigenous bacteria of the intestine of rats. In our previous papers only bacterial strains isolated from human intestinal flora were studied.
In this study the direct influence of autochthonous rat flora on the induction of arthritis by Eubacterium aerofaciens cell wall fragments was investigated. First the effect of total intestinal decontamination on the development and severity of cell wall fragments induced arthritis was determined. Secondly, the intestinal flora of the rat was analysed for the presence of eubacterium and bifidobacterium species. Cell wall fragments of isolated strains were tested for arthritogenicity.
Materials and methods

INTESTINAL DECONTAMINATION
Male Lewis rats (n= 10) were decontaminated by adding 1 The glucose fermentation products were determined by gas chromatography from five day incubates of the strains in peptone yeast extract broth with 1% glucose at 37°C under anaerobic conditions.8
PREPARATION OF BACTERIAL CELL WALL FRAGMENTS
Eubacterium aerofaciens (ATCC 25986) was cultured overnight at 37°C in Schaedler broth under strictly anaerobic conditions after inoculation with a log phase culture. The strains isolated from rat faeces were cultured under the same conditions on Todd Hewitt broth (Oxoid). Bacterial cell wall fragments were prepared as described by Cromartie et al.' followed by the differential centrifugation procedure of Fox et al. 9 Briefly, cells were harvested, washed, and subsequently fragmented with glass beads in a Braun shaker (Melsungen, Germany). Cell walls were collected by 10 000 g centrifugation, and treated with ribonuclease (Boehringer Mannheim, Germany) and trypsin (Sigma, USA), washed and sonicated (MSE, Crawley, UK) for 75 minutes. After the sedimentation of debris, the sonicated cell wall suspension was centrifuged at 10 000 g for 30 minutes; the 10 000 g supernatant was centrifuged twice at 100 000 g for 60 minutes. Both 100 000 g pellets were collected, resuspended in phosphate buffered saline and used for intraperitoneal injection after passage through a 0-45 [ The acute and chronic phase of the arthritis in decontaminated and control rats were compared as follows: for each rat in the decontaminated and control groups the mean increase in the sum of the paw diameters in the acute (day 1-15) and chronic (day 19-60) phases was calculated using the sum of the paw diameters of the same rat at day 0 as reference. The Neither for the acute nor the chronic phase were statistically significant differences found between the two groups. The chronic arthritis was confirmed by histology at the end of the experiment. Figure 2A shows peptococcus (species: magnus, constellatus), eubacterium (species: lentum), and ruminococcus (species: albus).
On basis of morphology and the production of volatile acids and ethanol, strain Rl1 (P saccharolyticus), R12 (P productus), and R19 (E lentum) showed the closest resemblance to the arthropathic E aerofaciens.
ARTHRITIS INDUCTION BY CELL WALL FRAGMENTS FROM THREE RAT STRAINS OF BACTERIA
Cell wall fragments from the rat strains P saccharolyticus, P productus, and E lentum were tested for the induction of arthritis. The table gives the muramic acid, rhamnose, and total carbohydrate contents of the cell wall fragments of the three rat strains compared with E aerofaciens cell wall fragments. Figure 3 shows the results of the induction of arthritis; the cell wall fragments of the three rat strains of bacteria induced a self limiting acute joint inflammation. Histological examination 60 days after the injection of cell wall fragments showed no signs of active or previous inflammation.
Discussion
The supply of ampicillin, a moderately absorbable antibiotic, by mouth, in combination with neomycin and polymyxin B both non-absorbable, almost completely eliminated the intestinal flora of rats. After six weeks of intestinal decontamination, predominantly yeasts and, in some rats, a limited number of Gram negative rods were present. These persisted until the end of the experiment. The occurrence of yeasts after intestinal decontamination has been observed before.24 Some features of germ free rats, such as mild diarrhoea, an enlarged caecum9 23 and the absence of intestinal flora derived enzymes have also been described for intestinally decontaminated rats.24 26 We also found diarrhoea and caecal distension in decontaminated rats. Others have also found that the germ free status does not prevent arthritis. On the contrary, rat strains normally not or hardly susceptible developed more often and more severe arthritis when they were germ free. This is shown both in the adjuvant arthritis model'0 and in the streptococcal model.'3 The experiments of Kohashi et al " 12 indicate a protective role for Gram negative bacteria: Eschenrchia coli or bacteroides monocontaminated Fisher rats developed a less severe arthritis than germ free Fisher rats. Gram positive lactobacilli increased the susceptibility to arthritis of germ free Fisher rats. This effect was abolished by the simultaneous administration of E coli. The lipopolysaccharides of gram negative bacteria are said to protect against arthritis,27 whereas bacterial peptidoglycan is capable of inducing or aggravating the disease. The protective effect of the intestinal flora in rats which are not susceptible to arthritis has until now only been investigated in selectively contaminated germ free rats. It would be interesting to observe the effect of intestinal decontamination on induction of arthritis in such rats. A continuing lack of susceptibility after intestinal decontamination might mean that rats become tolerant to arthritis by their intestinal flora in the neonatal state.
It is remarkable that we never observed a spontaneous arthritis in Lewis rats, although they are very susceptible to the induction of I -arthritis both in the adjuvant model and in the intraperitoneal model. This is in contrast with the work of Trentham et al,7 who described a spontaneous development of arthritis in 0 5% of female Spfague Dawley rats. The incidence increased to 6% after total body irradiation with 17 fractions of 2 Gy. Translocation of bacteria from the intestine to the mesenterial lymph nodes has been described after irradiation for mice,8 and after thermal injury28 or haemorrhagic shock29 for rats. Without the presence of arthritogenic bacteria in the intestine, however, it is unlikely that arthritis will occur in either conventional or irradiated animals.
In our previous studies we have shown the arthritogenicity of several anaerobic bacteria of the human intestinal flora in Lewis rats. Eubacterium and bifidobacterium species especially were able to induce a severe chronic arthritis. We have tried to isolate potentially arthritogenic bacteria (i.e. eubacterium and bifidobacterium species) from the indigenous flora of Lewis rats by a method used for the isolation of arthropathic E aerofaciens strains from the intestinal flora of healthy subjects and patients with rheumatoid arthritis. Although 19 strains resembled eubacterium or bifidobacterium species morphologically, however, only one could be identified as belonging to the genus eubacterium (E lentum). This result is in agreement with descriptions of the intestinal flora of conventional rats by several workers. Although Raibaud et al 30 found bifidobacterium and eubacterium species among the dominant intestinal flora of conventional rats occurring in numbers between 107 and 1010, more recent studies give lower numbers of these genera. Rowland3' found less than 0-8% bifidobacterium in the faeces of Sprague Dawley rats, no eubacterium species were isolated. In caeca of Wistar rats Morishita and Miyaki32 found a maximum of 106 bifidobacteria at the age of four to nine weeks. Younger and older rats had lower numbers of bifidobacteria. In this study eubacteria were not considered as a separate group, but were counted as catenabacteria together with anaerobic lactobacilli, preventing any conclusions about the numbers of this genus.
In addition to E lentum, two more strains isolated from rat flora were selected for the induction of arthritis. Although we have chosen the strains that most resembled the arthropathic E aerofaciens, none of them was able to induce a chronic arthritis. All three strains gave only an acute arthritis. This has been described before for P productus, but E lentum was capable of inducing a chronic arthritis after the initial acute joint inflammation in earlier experiments, using ATCC strains.5
The failure to induce arthritis cannot be explained by a low muramic acid content because this was as high as in E aerofaciens cell wall fragments. Nor can it be explained by the rhamnose content, which was even higher than in E aerofaciens cell wall fragments. Other, unknown, characteristics are to be held responsible for the difference in arthritogenicity between E aerofaciens and the three rat strains of bacteria.
Although we have tested only a limited number of bacterial strains from the rat flora, we believe that arthropathic bacteria are not abundant in the intestinal tract of Lewis rats. This absence of triggering peptidoglycan may explain why we never found a spontaneous arthritis in susceptible Lewis rats, although this rat strain is extremely susceptible to the induction of arthritis by cell wall fragments of intestinal anaerobic bacteria of human origin.
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